pathway over which abnormal or excessive impulses from the vegetative centers in the brain can exert a deleterious effect on the upper digestive tract. Hilsabeck and Hill (8) reported that surgical interruption of the vagus nerves above the diaphragm had no effect whatsoever on the incidence of cinchophen ulcer. This finding was confirmed by Ishizaka in our laboratory by means of subdiaphragmatic vagotomy. Cinchophen ulcer, which was discovered by Churchill and Van Wagoner (9) during the course of some studies on the production of liver damage, is unique in respect of chronicity and high incidences. Although the mechanism involved in its development has not been elucidated, its importance is well recognizable, since the main problem -of the experimental investigators in this field has been to produce a chronic type of lesions if his efforts were to result in producing an ulceration that would simulate the lesions in the human. Cinchophen is a drug widely used in the treatment of rheumatism, arthritis and gout, and its derivative i. e. 3-hydroxy-2•phenol-cinchoninic acid is also therapeutic effective for collagen disease (10) . This compound, like the former, exerts adrenocortical stimulation and, in addition, antidiuretic effect (11) . Hyperfunction of the adreal cortex, however, does not necessarily cause gastric ulceration, whereas ablation of bilateral adrenals predisposes the animal to produce a gastric ulcer (12) . There are some evidences suggesting that following adrenalectomy the endocrine activity in the hypothalamo-neurohypophyseal system is raised (13, 14) . Hereupon, we recollect reports indicating that the posteriorlobe hormone which is elaborated in the hypothalamus causes gastric ulceration (15, 16, 17) . On the other hand, cinchophen fails to induce ulceration in dogs treated with diethylstilbesterol (18) , while this medicine is reported to depress the neurosecretory activity of the relevant hypothalamic nuclei (19) . Since it is well established that stalk section blocks the neurosecretory pathway (20, 21, 22) , we decided to investigate the effect of stalk section on the development of ulcer in the canine stomach following cinchophen medication.
Materials and Methods
Adult' mongrel male dogs weighing about 10 kg were used throughout. The dogs were fed with remaining scraps of meals from the hospital excepting one day of cinchophen medication as follows.
Ulcer Production: Cinchophen, or phenylquinoline carboxylic acid, was administered intravenously in doses of 0.1-0.15 g/kg of body weight in 10 per cent aqueous solution once a day or every other day up to 4 weeks while fasting. Vasopressin* was administered intravenously in doses of 0.5-4.0 u/kg of body weight once a day up to 4 weeks. The vasopressin used is essentially identical with Pitressin (Parke-Davis) in regard to paper chromatograms and pressor effects, as shown in Fig. 1 .
Stalk section : Under surgical anesthesia with evipan sodium, through a buccal approach, the soft palate was incised 5 cm long on the midline 1 cm caudad to the hard palate, and a burr hole was made rostrad to the hamular process of the pterygoid bone. Bringing the pituitary and chiasm sufficiently into sight after a longitudinal incision. of the dura, the pituitary stalk was cut with a thin-bladed knife. Then the bone hole was packed with bone wax, the soft palate was closed with a single row of continuous sutures. animal (1 dogs) The dogs were sacrificed by means of intracardiac injection of 5 to 10 ccm saturated magnesium sulfate solution. The calvarium of the dog was opened and the brain was removed with the hypophysis attached, trimmed to a block of tissue consisting of the hypothalamus, infundibular stalk and pituitary, fixed in Zenker-formol, serially cut in 5 sections and stained with chrome-alum-hematoxylin phloxine (Gomori-Bargmann). Adrenals, after weighing, were halved, and the one half block was fixed in a neutralized 10 per cent formalin solution , cut at 15 on a freezing microtome and stained with Sudan III, the 
Results
A. Normal Dogs. Two intact dogs were sacrificed as controls for the study of the neurosecretory system and adrenal gland in particular.
Hypothalamo-neurohypophyseal system. Neurons in the supraoptic and paraventricular nuclei are for the most part unipolar and have an oval nucleus with one or two large nucleoli, showing in the perikaryon numerous fine deep blue granules stained electively by Gomori's stain (Figs. 2, 5, 9) . Neurosecretory substances are also found along the axons as far down as the pars nervosa, where they are enriched around larger blood-vessels near the pars intermedia and coloured dark and light blue (Fig. 12) .
Adrenals. 94 mg/kg of body weight. Cortex. The glomerulosa and outer fasciculata are considerably sudanophilic, whereas the inner fasciculata and reticularis only sparsely. Lipid droplets are fine and of homogeneous size (Fig. 15) . The mitochondria, spherical or rod-like, and fine stainable granules are seen relatively abundant in the cells of inner fasciculata, but small in number in other cortical cells. The fasciculata cells are large, arranged in regular cords (Figs. 19, 21 ). Medulla. Most medullary cells look light (Fig. 24) , containing small amount of short rod-shaped mitochondria and stainable , granules and have a round, oval or irregularly shrunken nucleus.
B. Cinchophen-medicated Dogs. The dogs, 6 in'number, began to vomit in one week or after the commencement of medication, gradually lose body weight and occasionally discharge tarry stools. On autopsy, typical chronic ulcers located on the gastric pathway are found in all animals, one ulcer for 2 dogs, 2 for 2, 5 and 6 in the other respectively (Fig. 8) . The adrenals are increased in weight, but not in significant measure.
Hypothalamo-hyPoPhyseal system. Most neurons of the supra optic nucleus in particular are markedly depleted of Gomori-positive cytoplasmic inclusions, Nissl bodies showing marginal arrangement (Figs. 3, 6, 10)2 The supraoptico-hypophyseal tract and pars nervosa are also reduced in amount of deep blue chromehematoxylin-positive substance, light blue one entirely lost from the latter (Fig. 13) . These findings indicate a rise in elaboration and liberation of neurosecretory hormones, in agreement with those obtained by Ortmann (23) from animals kept thirsty or administered with NaCl.
Adrenals. 138 ± 38 mg/kg in weight. Sudanophilia become less marked, lipid droplets are markedly reduced in number (Fig. 16 ). Bulky mitochondria and secretory granules appear abundantly throughout the cortex. The fasciculata and the glomerulosa increase in thickness (Figs. 19, 22) . Most medullary cells are dark and densely packed with mitochondria, showing a large round vesicular nucleus with a clear-cut nucleolus (Fig. 25) .
C. Vasopressin-Medicated Dogs. Vasopressin was administered to 4 dogs intravenously in doses of 0.5, 1.0, 4.0 u/kg of body weight daily for two weeks (2 dogs received 4.0 u). Soon after injection, the animals were seized with violent dyspnea and vomiting. At autopsy, several ulcers of a fissural type (Fig. 27) were found in one dog, which received 1.0 u vasopressin daily.
HyPothalamo-hypoPhyseal system. Neurosecretory materials are somewhat reduced in most neurons of the supraoptic nucleus, showing numerous fine granules in perikarya. Many a neuron form a large vesicle, displacing the nucleolus to the periphery (Fig. 29) . Deep blue chromehematoxylin-positive substances are markedly piled up in axons and abundantly accumulated in the pars nervosa. The findings observed do not change essentially in regard to doses of vasopressin used.
Adrenals. 142 ± 13 mg/kg of body weight. Both the cortx and medulla show on histological pictures no appreciable differences from those in the normal animal.
D. Cinchophen Vasopressin-medicated Dogs . Cinchophen 0.1 g and vasopressin 0.5 u per kg of body weight were administered to two dogs daily for 4 weeks. The animals were seized with violent dyspnea and vomiting soon after injection. At autopsy, several ulcers of two distinct types were found in both animals : the one is round , the other fissural in shape (Fig. 28) .
Hypothalamo-hypophyseal system. The neurosecretory material in the neurons of the supraoptic nuclei and in the pars nervosa , particularly in the latter, is reduced to a less degree , compared with that of dogs receiving cinchophen only.
Adrenals. 142 ± 15 mg/kg of body weight. The findings of the cortex and medulla indicate a lesser enhancement of endocrine activity than those of dogs receiving cinchophen only.
Summary of results in Group I. Cinchophen induces production of typical gastric ulcers in a full percentage of experimental animals and enhancement of the secretory activity of the hypothalamo-482 K. Ishihara, J. Kawafuchi, K. 'Cann and I. Ishizaka hypophyseal system and adrenal cortex and medulla. Indeed, vasopressin is also capable of inducing gastric ulceration, but, in doses used, the incidence is far low and morphological features as well as reactions arising after injection are distinct from cinchophen ulcer. Furthermore, vasopressin has no effect on the incidence of cinchophen ulcer. Vasopressin seems to moderate depletion of neurosecretory material from the neurons and pars nervosa (particularly from the latter), which is caused by cinchophen medication.
E. Cinchophen-medicated Dogs with Stalks Completely Divided. The completeness of division of the hypothalamo-hypophyseal tract are verified on histological examination. None of animals of this group, 6 in number, has vomiting, tarry stool or gastric ulceration. The gastric mucosa is clear, devoid of any pathologic change.
Hypothalamo-hypophyseal system. Most neurons of the supraoptic nucleus in particular are not so uniform and regular in shape and disposition as controls. The cell bodies are packed with increased Gomori-positive material in the form of fine granules and hyaline masses (Figs. 4, 7, 11 ). Axons become tortuous and engorged with chromehematoxylin-positive substances in the form of rosary as far as the site of their interruption which is clearly indicated by the presence of scar tissue bordering on the proximal stump piled up with chromehematoxophil material (Figs. 30, 31 ). The pars nervosa including the distal stump become nearly depleted of chromehematoxylin-positive substances, save for scanty light blue granules (Figs. 14, 32 ).
Adrenals. 107 + 23 mg/kg in weight, The glomerillosa and the outer fasciculata become more sudanophilic, large fatty droplets appearing in the former zone (Fig. 17) . The mitochondria and stainable granules increase somewhat in number throughout the cortex. The glomerulosa increases somewhat in thickness, compared with the normal (Figs. 20, 23 ). Medullary cells look mostly light, containing sparse mitochondria and stainable granules and have a round, oval or irregularly shrunken nucleus (Fig.. 26) .
• F . Cinchophen-medicated Dogs with Stalks Incompletely Divided.
The dogs of this group, 6 in number, which are shown on histological examination to have the tract merely partially or wrongly cut, have the gastric response in the same way as intact dogs. Gastric ulcers occur in all experimental animals : one ulcer for one dog, two for three and three for two.
Hypothalamo-hypoPhyseal-system. It is remarkable that neurons stained electively with Gomori method are found often rostrad to rather extensive scar tissues which occupy the caudal portion of the relevant hypothalamic nuclei. Their cell-bodies become fairly depleted of Gomori-positive cytoplasmic inclusions, Nissl bodies assuming marginal arrangement. Axons and pars nervosa, only in part, contain chromehematoxylin-positive substances in a reduced amount. These findings indicate that partial interruption of the hypothalamo-hypophyseal tract results from improper site of section or insufficient incision and the component remained intact fulfils the secretory activity sufficiently.
Adrenals. 139+ 32 mg/kg of body weight. The glomerulosa and the outer fasciculala become less sudanophilic, compared to the normal. The mitochondria and stainable granules are considerably increased throughout the cortex. Most medullary cells are dark and packed with numerous mitochondria and poorly stainable granules, possessing a large, round, vesicular nucleus with a discrete nucleolus.
G. Cinchophen Vasopressin-medicated Dogs with Stalks Completely Divided. The complete division of the-hypothalamo-hypophyseal tract is verified on histological examination. Cinchophen 0 .1 g and vasopressin 1.0 u per kg of body weight were administered to 4 dogs daily for 4 weeks. The animals were seized with violent dyspnea-and vomiting soon after injection as non-operated animals. At autopsy , 2 dogs showed no change on the gastric mucosa, while one dog several fissural ulcers and another one a small round ulcer in addition to fissural ones.
Hypothalamo-hypophyseal system. Gomori-positive material is markedly reduced in neurons of the supraoptic nucleus, compared to those of completely stalk-cut and cinchophen-medicated dogs ,. but only to a less degree in axons of the tract and abundantly piled up in the pars nervosa (Figs. 33, 34) .
Adrenals. 174 ± 79 mg/kg of body weight. Both the cortex and medulla show on histological pictures no appreciable difference from those in completely stalk-Cut, 'cinchOphen-rnediaated dogs.
Cinchophen Vasopressin-medicated Dog with Stalk Incompletely Divided. Cinchophen 0.1 g and vasopressin 1 u per kg of body weight were administered to one dog &fly. It was seized with violent dyspnea and vomiting soon after injection and deceased suddenly. following the seventh injection.
Hypothalamo-hypophyseal system. The Gomori-positive substance is extremely reduced in most neurons of supraoptic nucleus, ,but is piled up along axons, particularly in the pars nervosa.
Adrenals. 123 mg/kg of body weight. Both cortex and medulla are on histological pictures essentially identical with those in nonoperated dogs receiving cinchophen and vasopressin. Summary of results in group II. In cinchophen experiments, the integrity of the pituitary stalk is essential for gastric ulceration and endocrine activation of the hypothalamo-hypophyseal system, the adrenal medulla and cortex save for the glomerulosa. In the doses used vasopressin fails nearly to raise the incidence of cinchophen ulcer on dogs with stalks completely cut. Vasopressin seems to moderate accumulation of neurosecretory materials on the portion of the hypothalamo-hypophyseal system proximal and depletion on the portion distal to the site of interruption following stalk section plus cinchophen medication.
Discussion
In the present work, stalk section resulted uniformly in nonappearance of gastric ulcer in association with loss of responsiveness of the hypothalamus and the adrenal medulla and cortex excepting the glomerulosa following cinchophen medication. Results of stalk section are, as a rule, referable to division of either the supraopticohypophyseal or tubero-hypophyseal tract in the first place (22, 24) , since the site of division, as shown in Fig. 30 , is usually located in the infundibular region in our experimental animals. Cytologic studies reveal that following cinchophen medication the activity of neurosecretory cells in the supraoptic nucleus is enhanced on intact dogs, whereas it is depressed in completely stalk-cut dogs, evidenced by depletion in the former, by accumulation in the latter of chromehematoxylin-positive granules within neurons of the supraoptic nucleus (Figs. 10, 11 ) and also verify the incompleteness of division of the supraoptico-hypophyseal tract in the case of ineffective stalk section. Furthermore, cytological pictures show clearly that stalk section blocks medullary and fasciculata responses to cinchophen. These effects might be attributed to division of the supraoptico-hypophyseal tract, supporting Saffran, Schally and Benfey's suggestion (25) that neurosecretory cells elaborate a corticotrophin-releasing factor and the endings of the supraoptice-hypophyseal tract may release arterenol and/or epinephrine after a stressful stimulus to act with the corticotrophin-releasing factor in the discharge of corticotrophin. And it is worthy of special mentioning that the glomerulosa, in marked contrast with the fasiculata and the medulla, remains responsive to stimuli even after stalk section, just as in the case of hypophysectomy (26) . As regards factors concerned in the origin of cinchophen ulcer, attention is drawn to the role of liver damage, effect on gastric secretion and circulatory changes. Evidences for liver damage are not convincing in view of reports presented by Barbour and Fisk (27) and Reymont (28) . Stalker, Boilman and Mann's view (29) that gastric acidity is an important factor in the development of cinchophen ulcer, is not confirmed by Neuwelt and Necheles (30) and Davis, Bradley, Bachrach and Ivy (31) . Results of bilateral vagotomy also argue probably against an acid factor. Barco and Berti-Riboli (32) attribute the ulcerogenic effect of cinchophen to a discharge of histamine, in the sense that this drug mobilizes histamine from its normal site of deposit. Ferreira (33) holds that the cinchophen ulcer is angiotoxic in origin. Our results of stalk section, in line with those of vagotomy achieved by Hilsabeck and Hill (8) and Ishizaka in our laboratory, suggest that some neurohumoral factor in the hypothalamus, particulary in the infundibular region, plays a vital role in the pathogenesis of cinchophen ulcer. According to Selye (34) , the occurrence of gastrointestinal ulceration is an integral and prominent part of the alarm reaction in response to a number of stress factors. The pathway by which emotions and other forms of stress are transmitted to the stomach is generally considered to be nervous by way of the vagus nerve, but there is also a possibility of An additional hormonal mechanism through the hypothalamic-pituitary-adrenal axis. Corticotrophin, released in response to stressful stimulus from the adenohypophysis, is shown experimentally to have a potency of producing gastric ulcers (35) . Although it is well established that corticotrophin activates the adrenal cortex to release a number of steroides which stimulate the gastric gland to secrete acid gastric juice, we have previously observed on adrenalectomized Shay rat that desoxycorticosterone acetate restores the abated secretion of the stomach nearly up to the normal level and yet reduces ulcerative incidences to a remarkable degree. After adrenalectomy as well as after hypophysectomy, animals are predisposed to gastric ulceration, especially when exposed to stress (34) . In these animals, the gastric secretion is extremely depressed, while vascular changes leading to hemorrhages or regional ischemia occur invariably in the gastric mucosa, point to the validity of vascular origin of these ulcers. Therefore, we have no acceptable evidences for the suggestion that the pituitary-adrenal axis plays an important role in the path°. K. Ishihaia, J. Kawafuchi, K. Kano and I. Ishizaka genesis of cinchophen ulcer. Furthermore, there is no indication that the medullary response is causally related to the development of cinchophen ulcer, despite the fact that overdosage of epinephrine tends to cause gastric lesions similar to those described being characteristic of the alarm reaction (34) .
It has been shown by Dodds and associates (15) that injection of large doses of posterior-lobe extracts subcutaneously and intravenously into experimental animals produces an ulcerative lesion of the stomach. Ulcer-producing property is stated by several investigators to be contained in the pressor, but not in _ the oxytocic fraction. Pitressin is experimentally shown to produce gastric ulcers (16, 17) , but it is well to be noted ' that ulcers thus produced are not so typical in shape as cinchophen ulcer and rarer in incidence despite strong and unphysiological doses. In the doses of 0.5-.4.0 u/kg of bodyweight daily up to 4 weeks, vasopressin failed essentially to raise incidences of cinchophen ulcer not only on intact, but also on stalk-cut dogs. Vasopressin seems to regulate the disordered neurosecretion following division of the hypothalamo-hypophyseal tract. These results lead us to postulate two possibilities : first, some other neurohumoral transmitter agent than any known hormones elaborated by neurosecretory cells may be involved in the development of cinchophen ulcer, if effective stalk section results really from division of the supraoptico-hypophyseal tract ; secondly, division of the tubero-hypophyseal tract will likely be responsible for effective stalk section in this experiment. The determination awaits further study.
Summary
(1) Intravenous administration of cinchophen in doses of 0.10--0.15 g/kg of body weight for weeks daily produced typical chronic ulcers on the gastric pathway in a full percentage of experimental dogs in association with an endocrine activation of the hypothalamohypophyseal system and the adrenal gland.
(2) Pituitary stalk section resulted uniformly in non-appearance of cinchophen ulcer in association with loss of responsiveness of the hypothalamus and the adrenal medulla and cortex excepting the glomerulosa.
C3) The result of stalk section provides an indication that some neurohumoral factor in the infundibular region would play a vital role in the pathogenesis of cinchophen ulcer. The nature of the active principle is unknown : of vasopressin, epinephrine, cortisone, desoxycorticosterone acetate, none appears per se to be causally related to the pathogenesis.
(4) The glomerulosa, in sharp contrast with the fasciculata and the medulla, remains responsive to cinchophen even after stalk section, namely, despite lesions in the infundibular region. 
